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The interaction term in the Boltzmann equation for an ionized gas is expressed as the sum of two terms: a term of the usual form for close encounters and a diffusion term for distant encounters. $ince distant encounters, producing small deflections, are more important than close encounters, consid'eration' of only the diffusion term gives a reasonably good approximation in most cases and approaches exactness as the temperature increases or the density decreases. It is shown that in evaluating the coefBcients in this diffusion term, the integral must be cut off at the Debye shielding distance, not at the mean interionic distance.
The integro-differential equation obtained with the use of this diffusion term permits a more precise solution of the Boltzmann equation than is feasible with the Chapman-Cowling theory. %'hile one pair of coeScients in this equation has been neglected, the remaining coefBcients have all been evaluated, and the resultant equation solved numerically for the velocity distribution function in a gas of electrons and singly ionized atoms subject to a weak electrical 6eld. Special techniques were required for this numerical integration, since solutions of the differential equation proved to be unstable in both directions. For high temperatures and low densities the computed electrical conductivity is about 60 percent of the value given by Cowling's second approximation.
INTRODUCTIOÑ )UANTITATIUE analyses of non-uniform gases have naturally been developed along lines relevant
to laboratory experiments. The theory of Enskog and of Chapman, systematically expounded by Chapman and Cowling, ' is primarily concerned with the properties of gases composed predominantly of neutral atoms.
While this theory has been applied' ' to the conductivity of a completely ionized gas (a gas containing no neutral atoms), the theory is in fact not well suited to handle inverse-square forces between the particles in a gas, and the accuracy of the results obtained is uncertain. In view of the great astrophysical importance of completely ionized gases, as, for example, in stellar interiors, stellar envelopes, and interstellar matter, a reconsideration of this problem has been undertaken.
A new approach to this subject is provided through the work of Chandrasekhar4 on stellar dynamics. This work is based on the fact that when particles interact according to inverse-square forces, the velocity distribution function is aftected primarily by the many small deQections produced by relatively distant encounters. There will be many such encounters during the time a particle travels over its mean free path, and the change in the particle velocity can be computed in the same way as is the change of the position of a particle in Brownian motion. On the assumption that the large deQections produced by the relatively close encounters may be neglected, Chandrasekhar therefore employs a diffusion equation for the velocity distribution function, similar to the equations describing the spatial distribution function in Brownian motion. A similar but incomplete approach was made somewhat earlier by Landau. '
As we shall see below, the appropriate generalized diGusion equation may be solved numerically when a completely ionized gas is subject to a small electric 6eld or a small temperature gradient.
In Part I, prepared by L. Spitzer, the basic principles of the present paper are developed. Part 
The terms of third and higher order in Av have been neglected in Eq. (7). It is readily shown that these terms are relatively small if b, much exceeds bo. Thus Eqs. (5), (6), and (7) should give moderately high accuracy in the evaluation of B, f"/Bt
To obtain the velocity distribution function in a 6rst approximation J(f"f,) may be neglected. This will involve an appreciable error, as shown in Table I 
By standard methods it follows that 
The function j &v&( v) is the Maxwellian distribution function, given by the equation
where n, is the number of electrons per cm' and j is defined by Eq. (14) . For subsequent convenience, we define D to be a function of the dimensionless variable jv. The quantity 8 is again the polar angle measured from an axis parallel to the electric field E.
For an electron-proton gas, Z is -1 for electrons, and if no tempera. ture gradient is assumed, Eq. (10) becomes, in the present notation, (a,) (a,~") cot8 
If Eqs. (39) and (40) are used, the final equation for
where 2x'e'(x) 
%hen x is small, C and C ' may be expressed as power series, and the system of Eqs. (41) to (45) admits a special series solution in ascending powers of x, which we shall denote by D,&(x) . For large x, on the other hand, 4' may be set equal to zero, while C equals unity, and we have a special series solution D,p(x) in descending powers of x. Both these series are asymptotic, and will diverge after a certain number of terms.
To obtain general solutions for D(x) in each of these regions, solutions of the homogeneous equation, with 2'(x) set equal to zero, must be added. 
'0 H. A. Lorentz, Proc. Amst. Acad. 7, 438 (1905) . (50) We wish to find the solution to Eq. (41) This behavior is associated with the singularity of Q(x), which varies as 1/x for small x. A similar instability is introduced by the dominant term in Q(x) for large x. To obtain D'(x) the approach described below was developed.
Decomposition of Basic Equation
To overcome the difhculties associated with the instability of the basic equation, we let
where Pp(x) and Qp(x) are chosen to represent the leading parts of P(x) and Q(x) and also to permit analytical solution of the following simplified reduced form of Eq. (41),
In general, Eq. (49) has two solutions, which we shall denote by U(x) and V(x). We now write (54) The The starting value hi'(0. 10) cannot be determined so simply. In general there will be one value of hi(0. 10), which, together with gi'(0. 10), will yield on numerical integration the calculated value of gp(x) at x=3.20;
i.e. , gp '(3. 20) . This will be the correct solution. In order where g(x) and h(x) are functions to be determined. The simultaneous difFerential equations for g(x) and h(x), which are easily obtained by the standard methods of variation of parameters, may then be solved numerically without any basic difBculty.
Because the leading terms of I'(x) and Q(x) are diferent in the cases of small and large x, it was necessary to consider separately the two ranges of x, 0.10&x&0.80 and 0.80&x&3.20. The formulas used in each specific range are given below.
(p). Range 0 IO(.x(O 8O.
All quantities peculiar to this particular range will carry the subscript 1. The functions I'p&(x) and Qpi(x) are defined as follows: (51) Equation (49) In addition, the constant q used here is greater than that used by Cowling, since, as was shown in Part I, the cut-oG distance should be equated to the Debye shielding radius h, rather than the interionic distance.
Ke shall denote Cowling's value, based on the interionic distance, by q'. If the usual formula for C' is taken, and the ionic charge Z; is set equal to unity, Eq. (17) It is convenient to express r in terms of the conductivity in a Lorentz gas, multiplied by some constant y.
Since I&(~)/A for a I.orentz gas equals three, as may be seen by combining Eqs. (37) and (48), we have where a = 2y(2/3n. ) AC'/Le' ln(qC') 7, (63) v= P~(")7/3A (64) It may be remarked that the mutual electronic interactions do not change the conductivity directly, since the total change of momentum in such interactions is zero. Nevertheless, they alter D(x) and in this way modify the eGect which electron-proton collisions have in impeding the current.
Since ln(qC') appears in Eq. (63) for the conductivity, values of 1n(qC') are given in Table IV It is hoped to extend these results in the near future to ionized gases with diferent average ionic charges, and also to compute thermal conductivities. Further analysis is needed, however, to evaluate the crossproduct terms in Kq. (23) which have been neglected in the present work.
See reference 1, Section 10.33. Ln(q'C') equals one-half the function AI(2) introduced by Chapman and Cowling.
